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£^ i Abstract. High-resolution spectroscopy and photometric monitoring of the pre-main sequence star RXJ1608.6- 

1^-^ . 3922 shows that it is not an eclipsing binary, as previously claimed. Radial velocity measurements covering suitable 

time spans in order to detect a spectroscopic binary with the claimed period of about 7 days have been performed. 
The scatter of the radial velocity does not exceed 2.4kms~ 1 , defining an upper mass limit of 24 Mj up it C r for any 
eclipsing companion orbiting this star with the claimed period. Photometric observations of RXJ 1608.6-3922 in 7 
consecutive nights (i.e. as long as the claimed orbital period) reveal brightness variations of the order of 0.2 mag 
with a period of 3.6 days. The shape of the detected light curve differs from a light curve of the star recorded 
in 1996. The small variations of the radial velocity, the variable shape of the light curve, as well as (B-V) color 
variations suggest that the flux of RXJ 1608.6-3922 is modulated by spots on the stellar surface with a rotational 
period of 3.6 days. The stellar activity of this star seems to be highly variable, taking into account the variable 
shape of the light curve, with an amplitude varying from 0.5 to 0.2 mag in a few years, as well as hints for a 
variable H a equivalent width. 
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1. Introduction ponents. The mass is the most fundamental parameter for 

the evolution of a star and is therefore a very important 
Photometric observations of the young, pre-main-sequence input parameter for evolutionary theories. So far there 
(PMS) object RXJ1608.6-3922 revealed brightness vari- &re Qnly & few late _ type low _ mass PMS systems known 
ations typical for an eclipsing system (Wichmann et al. ^ accurately determined masses: an eclipsing SB2 in 
1998, hereafter W98). The light curve recorded m 1996 in rxj 0529.4+0041, with steUar masses f 1.30 M Q 
the V band m nine consecutive nights displays two deep &nd 0.95 M Q (Covino et al. 2000); a 1.6M Q T Tauri star in 
minima of the order of 0.5 mag and 0.3 mag and the au- an ec lipsing SB2 within the triple system TY CrA (Casey 
thors found a period of 7.2 days. Similar amplitudes of a et &1 lgg8) . a l1Mq PMS star in the detached eclipsing 
primary and a secondary eclipse indicate similar luminosi- gB2 ER Cep (Popper 198?) . thg eclipsing SB2 RS C ha, 
ties and therefore a mass ratio near unity. Such systems ^ masseg of L86Mq and L82Mq (AnderS on 1991), 
are very likely double-lined spectroscopic binaries (SB2) . who wag recently classified as PM S object by strong x-ray 
The detection of an eclipsing SB2 pre-main-sequence emission (Mamajek et al. 2000); and astrometric measure- 
star would be highly interesting since it would allow the ments of the PMS spectroscopic binary NTT045251+3016 
direct determination of the masses of the two stellar com- yielded masses of + 4Mq and . 8Mq (steffen et al. 2000). 

Send offprint requests to: V. Joergens Due to the lack of a lar S e sam P le of wel1 determined 

* Based on observations obtained at the European Southern stellar Properties for stars m the PMS phase, the large 

Observatory at La Silla, Chile in program 62.1-0418, 63.1- discrepancies between the different sets of current PMS 

0096, 64.1-0294, 65.1-0275 and on observations obtained at the evolutionary models are not understood and the tracks 

MSSSO Observatory at Siding Springs, Australia. could not be calibrated yet. 
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In order to explore if RXJ 1608.6-3922 is a spectro- 
scopic binary and to confirm the eclipses, we carried out 
high-resolution spectroscopy and photometric monitoring 
and report here on the results of these observations. 

2. Data acquisition 

2.1. Spectroscopy 

Using the Echclle spectrograph FEROS (Fiber fed 
Extended Range Spectrograph) on the 1.5 m telescope at 
La Silla, we have obtained 10 spectra of RXJ1608. 6-3922 
in March and June 1999 and March 2000. FEROS is opti- 
mised for high precision measurements of radial velocities. 
The spectra cover the wavelength region between about 
3600 A and 9200 A and have a resolution of A/AA = 48000. 
Precise radial velocities have been measured by cross- 
correlating the spectra of RXJ1608. 6-3922 with spectra of 
the radial velocity standard HR5777, using the spectral 
range between 4000 and 6720 A. The spectra of HR5777 
have been obtained also with FEROS in the same observ- 
ing run. The radial velocity of this standard is known to 
be stable and has been determined with an accuracy of 
55 ms" 1 (Murdoch Il99|). 



2.2. Photometry 

We monitored RXJ 1608.6-3922 photometrically in seven 
consecutive nights in April 2000 in Chile and Australia in 
the Johnson V and B filter. CCD images were obtained in 
Chile at the Danish 1.5m telescope at ESO, La Silla, be- 
tween April 21 and 28 with the imaging camera DFOSC. 
The observations in Australia were carried out with a 
CCD camera at the MSSSO 40 inch telescope at Siding 
Springs observatory between April 23 and 26. At MSSSO 
only V band images have been taken. 

We performed aperture photometry for RXJ 1608.6- 
3922 and several reference stars in the field with the qphot 
package of IRAPfj]. Differential photometry has been car- 
ried out, allowing us to compensate for variable atmo- 
spheric conditions and also to combine the Australian and 
Chilean data. 



3. Results 

3.1. Radial velocities 

The main result of our spectroscopic observations is that 
we detected almost no variations of the radial velocity at 
all (see Fig. Q). The scatter does not exceed 2.4 kms -1 
for 10 spectra obtained within one year. In particular this 
is the case for radial velocities measured in 5 consecutive 
nights (right panel, Fig. [[]) covering more than half of the 
claimed period of 7.2 days. Hence, the semiamplitude of 



1 IRAF is distributed by the National Optical Astronomy 
Observatories, which is operated by the Association of 
Universities for Research in Astronomy, Inc. (AURA) under 
cooperative agreement with the National Science Foundation. 



the detected variations cannot be larger than 2.4 km s 1 
for a 7.2 d orbit. 

This result comes as a surprise for a system showing 
(apparently) a primary and secondary eclipse of 0.5 mag 
and 0.3 mag, respectively (W98). On the one hand only a 
very low-mass companion causes such small radial velocity 
variations, whereas on the other hand only a relatively lu- 
minous companion causes primary and secondary eclipses 
of almost similar amplitudes. Therefore it is unlikely that 
RXJ1608. 6-3922 is an eclipsing spectroscopic binary. 

However, the detected radial velocity variations are 
significant but can easily be explained by stellar activity. 

Based on the FEROS spectra, we determined the pro- 
jected rotational velocity. Using the telluric lines for de- 
termining the instrumental profile of the spectrograph 
and assuming a solar-like center-to-limb variation, we de- 
rived a vsini of 22.4±1.9 kms -1 . This is in agreement 
with the values of 21.8 km s -1 and 20 kms -1 , estimated 
by Wichmann et al. (1999) by cross correlation and Fast 
Fourier Transformation, resp., using a template spectrum. 
Furthermore the radial velocity determined by these au- 
thors of 1.2 kms -1 agrees well with our values (cp. Fig. [j]). 

3.2. The primary mass and the mass limit for a 
companion 

From the radial velocity variations an upper mass limit 
for an eclipsing companion can be derived. Assuming a 
mass of Mi=0.78M Q for the primary (Wichmann et al. 
1997, hereafter W97) and an orbital period of 7.2 d, a ra- 
dial velocity semiamplitude of 2.4 km s -1 defines an up- 
per mass limit of 20 M Jup for any eclipsing companion to 
this star. The adopted primary mass was estimated by 
W97 from the star's bolometric luminosity and effective 
temperature and comparison with evolutionary tracks of 
D'Antona&Mazzitelli (1994) using Canuto and Mazzitelli 
convection and Alexander opacities. 

If there is a companion and it contributes significantly 
to the total luminosity of the system, the luminosity of 
the primary Li would be considerably smaller than the es- 
timated luminosity of the unresolved binary. Considering 
the worst case, i.e. a secondary which is as luminous as the 
primary (Li=L2=L es t/2) and assuming similar spectral 
types, a comparison with the same evolutionary tracks, as 
used by W97, yields Mi w 0.85 M Q and a correspondingly 
higher mass limit for a companion. 

However, masses derived by means of comparison with 
current PMS evolutionary tracks are highly uncertain due 
to large discrepancies between different sets of theoreti- 
cal PMS models and due to a lack of observational con- 
straints. But even with a given evolutionary model, the 
error in the effective temperature of ~ 200 K hamper an 
accurate placement into the Hertzsprung-Russell-diagram 
(HRD) and therefore an accurate mass determination. 
Taking the error in T eff into account gives a primary mass 
in the range of 0.6 to 1M© in the case of a neglectable 
secondary luminosity and 0.7 to 0.9 M© if the secondary 
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Fig. 1. Radial velocities of RXJ1608.6-3922 determined 
from high-resolution spectra taken with FEROS between 
March 1999 and March 2000. The scatter of the radial 
velocity is smaller than 2.4 km s -1 . The observations in 
5 consecutive nights (right panel) cover more than half of 
the claimed period of 7.2 d. Therefore these radial velocity 
measurements exclude a 7.2 d orbit with a higher radial 
velocity amplitude than 2.4kms _1 . The unlabeled data 
point in the left panel corresponds to a JD of 245 1264.3. 

is as luminous as the primary (Lj =L2=L est /2). The error 
in the derived mass is smaller in the latter case because a 
smaller luminosity shifts the position of the object in the 
HRD down to the radiative tracks, where the dependence 
on T eff is small. 

To summarize, this means the primary mass Mi can 
have values in the range of 0.6 to 1 Mq, considering bina- 
rity and errors in T eff , but not the errors in the adopted 
evolutionary tracks themselves. An eclipsing companion 
pulling on a 0.6 Mq primary star and causing its radial 
velocity to change as detected cannot be more massive 
than 17M Jup . An eclipsing companion to a lMg primary 
star causing the detected radial velocity scatter can have 
24M Jup at the most. The absolute uncertainties in the 
mass determination of the primary star due to the use 
of different PMS evolutionary tracks should not be larger 
than a factor of two so that the possibly occulting object 
would still be substellar. In any case our spectroscopic 
observations allow only a very low-mass substellar com- 
panion. 

3.3. Light curves and color variations of 
RXJ 1608.6-3922 

We detected significant brightness variations of about 
0.15 mag in the V band and 0.2 mag in the B band (see 
Fig. [| top and middle). The obtained V light curve does 
not reproduce the previously taken V light curve by W98, 
specially we did not detect the deep minima showing a de- 



crease of brightness of 0.3 and 0.5 mag. Therefore it is du- 
bious whether the brightness variations recorded in 1996 
by W98 can be explained by eclipses of a binary. 

Periodic light variations observed from many T Tauri 
stars are interpreted as modulation of the total flux by 
spots on the stellar surface (see for example Bouvier et al. 
1993, COYOTES I). The measured photometrical period 
is a direct tracer of the rotational period of the star. Such 
spot-driven photometric variations come along with color 
changes because of the different temperature and therefore 
spectral distribution of the spot regions compared to the 
surrounding photosphere. 

For RXJ1608. 6-3922 we measure larger amplitudes of 
the brightness variations in the B band than in the V 
band, i.e. the emission of the system is shifted towards 
longer wavelength (= becoming redder) when the bright- 
ness decreases. 

This observed behavior of the color is characteristic 
for cool as well as for hot spots. It can even be produced 
by the primary eclipse of a binary containing a relatively 
very low-mass companion, whereas the secondary eclipse 
of such a system will cause the opposite effect, that is be- 
coming bluer when darker. A very clear reddening during 
primary eclipse and blueing during secondary eclipse was 
observed for TZ Mensae, a binary whose components have 
masses of 2.5 Mq and 1.5 Mq (Andersen et al. 1987). 

The brightness of a single star with a cool spot on its 
surface is dimmed when the cool spot becomes visible and 
since it is cool and emitting more light at longer wave- 
length than at shorter the dimming is accompanied by 
reddening of the system. 

A star with a hot spot shows minimum light when 
the hot spot is not visible and since the hot spot con- 
tributes more in the blue part of the spectral range, its 
disappearance is accompanied by relative reddening of the 
star-spot-system. 

Eclipses in a system with a cool, low-mass companion 
to a hotter, more massive star can cause color variations 
along the cycle. During the primary eclipse, when the low- 
mass companion obscures (part of) the primary, the sys- 
tem gets darker and redder since (part of) the emission at 
shorter wavelength from the primary is missing. 

During secondary eclipse, when the primary obscures 
the redder, low-mass companion, the system gets darker 
mainly in the red part of the spectral range and is therefore 
bluer in total during this phase. 

In the lower panel of Fig. | (B-V) values of RXJ1608.6- 
3922 are shown. The (B-V) color decreases when the star 
gets darker in V and B, i.e. the star is redder when darker. 
This could be evidence for (cool or hot) spots or primary 
eclipses of a binary with a red, low-mass secondary. Based 
on the detected color variations we can exclude that the 
variations are due to a secondary eclipse. 

We checked the photometric measurements taken in 
1996 in the V filter (W98) and the B filter (Wichmann, 
pers. comm.) on color variations. Both minima show larger 
amplitudes in the B band than in the V band, therefore 
none of them can be explained by the secondary eclipse 
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of a low-mass companion. However, a companion with a 
higher mass than 24 M Jup is excluded by our spectroscopy 
(cp. Sec. (3.1)). 

3.4. Period 

We used the string-length method (Dworetsky 1983) in 
order to search for periodicity in our data. Phase folding 
the data with a trial period and minimizing the string- 
length between successive data points yields a minimum 
for the true period. Fig. || displays string-length values for 
periods between 1 and 6 days. A clear minimum is visible 
at 3.55 d and a second, less significant minimum at about 
5.4 d. 

The light curve of RXJ 1608.6-3922 folded in phase 
with a 3.55 d period is displayed in Fig. |j. It looks quite 
smooth. Phase folding the data with the less significant 
period of 5.4 d (cp. Fig. 0, bottom) makes clear that it is 
an alias. 

Our photometric observations cover almost 7 days and 
we cannot search for periods longer than the total time 
basis, in particular not for the claimed period of 7.2 d. 
However, phasing our V magnitudes with 7.2 d shows that 
our data are also consistent with this period. 

We phase folded the data taken by W98 with a pe- 
riod of 3.55 d and 7.2 d in order to compare them with 
our results. The folded W98 data are displayed in Fig. ||. 
Although the 7.2 d period looks more convincing, a 3.55 d 
period is still in agreement with the data set. 

This means the photometric data of RXJ 1608.6-3922 
from 1996 as well as from 2000 show brightness variations 
consistent with a 3.55 d as well as a 7.2 d period. If these 
flux modulations are caused by stellar spots the star is 
rotating with period of 3.55 d or 7.2 d. 

3.5. Constraining the rotational period by means of 
the stellar radius and vsin i 

An estimate of the rotational period for RXJ1608. 6-3922 
based on the radius and the rotational velocity can help to 
distinguish between the two found periods. Stellar prop- 
erties for RXJ1608.6-3922 have been published by W97: 
They determined an effective temperature of T eff =4255 K 
and a luminosity of log(L*/L Q )=-0.25 for a distance of 
140 pc. From these properties a radius of R* = 1.38R Q 
was derived. By comparison with evolutionary tracks from 
D'Antona & Mazzitelli (1994) a mass of M»=O.78M was 
estimated. 

Based on our FEROS spectra, we determined the 
projected rotational velocity and found a vsini of 
22. 4± 1.9 kms . With unknown inclination i of the star 
(we do not assume that the system is eclipsing) this value 
is a lower limit of the rotational velocity. 

Based on vsini and the radius of the star an upper 
limit of the rotational period can be derived: 



property 


value 


error 


SpT 


K6 


0.8 (1.6) subclasses 


V 


13.48 mag 


0.01 mag 


B-V 


1.52 mag 


0.02 mag 


U-B 


1.01 mag 


0.02 mag 


V-Rc 


1.01 mag 


0.02 mag 


V-I c 


1.02 mag 


0.02 mag 


T c ff 


4255.0 K 


A log(T eff ) = 0.02 


log(L./L ) 


-0.25 


Alog(L,/L ) » 0.1 


A v 


1.75 mag 




R*/R© 


1.38 


Alog(R,/R Q ) » 0.2 


M*/M 


0.78 




log(age) 


6.47 yr 




(vsin i) 


22.4 kms" 1 


1.9 kms" 1 


dHughcs93 


140 pc 


20 pc 


dw98b 


190 pc 


27 pc 


dK&H 


100 pc 





Table 1. Stellar properties of RXJ1608. 6-3922. They are 
published by W97, except the following: spectral type (SpT) 
from Krautter et al. (1997), vsini this paper, distances of the 
Lupus star forming region: dK&H by Knude & H0g (1998), 
dHu g hes93 by Hughes et al. (1993), dwgsb by Wichmann et al. 
(1998b). 



Adopting the radius of 1.38 R© estimated by W97 the 
maximum period in the limiting case of an inclination of 
90° is 3.65 d. This excludes definitely a rotational period 
of 7.2 d. 

W97 estimated the luminosity and therefore the ra- 
dius for a distance of 140±20pc (for Lupus 1-4, Hughes 
et al. 1993). The Lupus complex consists of five clouds 
and RXJ1608. 6-3922 is located in Lupus 3 (for the loca- 
tion of the five Lupus clouds compare Tachihara et al. 
1996). There are two other estimations of the distance 
to the Lupus star forming region based on HIPPARCOS 
measurements: Wichmann et al. (1998b) derive a consid- 
erably larger distance of 190±27pc, whereas Knude & 
H0g (1998) propose that at least Lupus 2-5 is as close as 
100 pc. 

The luminosity and therefore the radius depends cru- 
cially on the adopted distance. A larger distance gives 
a larger luminosity L» and therefore a larger radius R». 
Keeping the rotational velocity constant a larger radius 
stands for a longer period. Therefore in order to exclude 
7.2 d as possible rotational period for RXJ1608. 6-3922 un- 
ambiguously, we must take into account the largest possi- 
ble distance. 

3.5.1. Radius estimate from L* and T eff 

The radius of a star can be calculated from T off and L» 



L» = 47rR2 CT Tf ff 



(2) 



and depends on the apparent bolometric magnitude m;, ; , 
the distance d and the extinction Ay. 



Pmax[d] - 50.6145 



R\Rr. 



(vsini) [kms 



(1) log(L*/L Q ) = 



(4.74 - m v + A v - BC + 5 logd - 5) 
2^5 



(3) 
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log(L*/L ) = -4.468 + 21ogd[pc] 



(4) 



We adopt a bolometric correction of BC=-0.82 ± 0.1, 
as given by Kenyon & Hartmann (1995) for a star with 
spectral type K6. The error of BC is about 0.1 due to the 
given (W97) error of ~ 200 K in T eff . The error in A v is 
about 0.3 mag due to errors in the intrinsic color as well as 
the applied conversion table. The luminosity is estimated 
for distances of 100±20pc, 140±20pc and 190±27pc, 
respectively: 



measured for RXJ1608. 6-3922 (W97). The star's luminos- 
ity class is V or IV (Wichmann, pers. comm.), i.e. being 
a dwarf or an intermediate object between a dwarf and a 
giant. 

The radius can be estimated directly from the absolute 
magnitude M A and the visual surface brightness Sa: 



M A + 51og(R»/R ) 



(6) 



log(L*/L ) loo = -0.47 ±0.34 
log(L*/L ) 14o = -0.18 ±0.29 
log(L„/L ) 19O = 0.09 ±0.29 



(5) 



B99 derived linear relationships between Sa and V-Ic for 
M-giants as well as for M-dwarfs. A given relationship for 
K-giants is based on a linear fit to 9 K-giants (V-Ic <1.65) 
tied to the Sun: 



Applying the Stefan-Boltzmann law (2) yields the ra- Sy.Kgiants — 2.86 + 2.84(V - Ic) for V-I c < 1.65 



(7) 



dius: 



R* [Re 



1 



R [m] 



\ 



L*[L ]-L [W] 



47rcr[ 



w 



L m 2 K I 
R*[R ] = 3.3379- 10 7 • 



](Tf ff [K 4 ]) 
/ L.[L ] 



R*,ioo = (1-07 ± 0.33) R for 100±20pc 
R*,i40 = (1-50 ± 0.36) R for 140±20pc 
R*,i90 = (2.04 ± 0.49) R Q for 190±27pc. 

The maximum period for these radii in the limiting case 
of an inclination of 90 ° would be 

Pmax,100 = (2.4 ± 0.9)d 
Pmax,140 = (3.4 ± l.l)d 
Pmax,190 = (4.6 ± 1.5)d 



Therefore the largest possible radius would be 2.53 R 
(for a distance of (190±27)pc) and the largest possible 
upper limit for the rotational period would be P max =6.1 d, 
excluding a 7.2 d period. 



3.5.2. Radius estimate from Barnes-Evans type 
relation for K giants 

Beucrmann et al. (1999, hereafter B99) published re- 
cently Barnes-Evans type relations for late- type giants and 
dwarfs. Their results for giants are based on angular di- 
ameters measured for 27 M-giants and 9 K-giants. The 
dwarf relation is based on the measurement of the angu- 
lar diameter for YY Gem (eclipsing binary) and of estima- 
tions of angular diameters for 8 M-dwarfs. The latter are 
derived by flux fitting of model atmospheres to observed 
low- resolution optical/IR spectra (for details see B99 and 
references therein). 

The B99 relations are based on V-Ic measurements 
and allow us to directly use the V-Ic color of 1.02 mag 



The argument for including the Sun is that Barnes & 
Evans (1976) and Barnes et al. (1977) found that there is 
no difference in the surface brightness of giants and dwarfs 
for stars of spectral type B-G and that the Sun falls on 
the giant relation. 

The absolute magnitude M v for RXJ 1608.6-3922 is: 



AM V = 0.31 



5Ad 



din 10 

M v = 6.73 ± 0.74 for d = 100 pc 
M v = 6.00 ± 0.62 for d = 140 pc 
M v = 5.34 ± 0.62 for d = 190 pc 

B99 provides no relation for dwarfs with (V-Ic) < 1.65, 
as is the case for RXJ1608. 6-3922. The giant-relation 
Eq. (Q) may nevertheless be used since an object with 
(V-Ic)=l-02 should be well in the regime where the au- 
thors expect the separation between both relations to be 
very small. The radius estimated with Eq. (JsJ) and (Q) is: 

R-*,K g iants = (0.64 ± 0.32) R Q for 100±20pc 
R*,K g iants = (0.89 ± 0.40) R for 140±20pc 
R*,K g iants = (1-21 ± 0.54) R for 190±27pc. 

The errors have been estimated by adopting an error of 
6% in Sv (cp. B99). The maximum rotational periods in 
the limiting case of an inclination of 90 for these radii 
are: 

Pmax,100 = 1.4d±0.8d 
Pmax,140 = 2.0d±l.ld 
Pmax,190 = 2.7d±1.4d 



The radii estimated with the B99-K-giant-relation are 
smaller than the radii derived from the luminosity and the 
effective temperature and consequently also the rotational 
periods. The largest possible upper limit for the rotational 
period with these radius estimates is P max =4.1d, also ex- 
cluding a 7.2 d period and favoring the 3.55 d period. 
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4. Discussion and conclusions 

It was claimed by W98 that the T Tauri star RXJ1608.6- 
3922 is an eclipsing binary. We reported here on results of 
high-resolution spectroscopy and photometric monitoring 
of this object. 

The measured radial velocities of RXJ1608. 6-3922 are 
almost constant. Our measurements cover suitable time 
spans in order to detect a binary with a 7 day period at 
the maximum separation phases. The scatter of the ra- 
dial velocities does not exceed 2.4 km s -1 , giving evidence 
that it is not an eclipsing binary as claimed previously by 
W98. An eclipsing companion to a 0.6 to 1 M Q star, or- 
biting the central object with a 7.2 d period and causing 
the measured radial velocity variations with an amplitude 
of 2.4 km s -1 , would be less massive than 24M Jup . 

V and B band photometry obtained in 7 consecutive 
nights in Chile and Australia shows brightness variations 
of the order of 0.15 mag in V and 0.2 mag in B. The shape 
of these light curves obtained by us in 2000 differs sig- 
nificantly from the shape of the light curves obtained by 
W98 in 1996. In particular the deep minima of 0.5 mag and 
0.3 mag observed in 1996 are not detected by us. Therefore 
the brightness variations recorded in 1996 cannot be ex- 
plained by eclipses of a binary system. 

Another argument against the eclipsing binary hypoth- 
esis is the behaviour of the color variations, since the ob- 
ject is redder during minimum light. This behaviour is 
characteristic for (cool and hot) spots, but can also be 
caused by the primary eclipse of a binary with a very 
red, low-mass companion. The secondary eclipse of such 
a system would show the opposite color variation, i.e. be- 
coming bluer during minimum light. Such a behaviour is 
not observed during the 7 nights. 

We also checked the V and B band data recorded in 
1996 (W98, B data: pers. comm.) on color variations. The 
emission of the object is shifted during both minima to- 
wards longer wavelength and therefore none of the minima 
is explicable by a secondary eclipse of a low-mass com- 
panion. However, a companion with similar mass as the 
primary would not show color variations at all but this is 
in any case definitely excluded by our spectroscopic ob- 
servations. 

Concerning the rotational period of the star we found 
that our photometric data are periodic with about 3.6 d. 
These data are also consistent with the period of 7.2 d 
found by W98. On the other hand the W98 data are also 
in agreement with a 3.6 d period, apart from small devia- 
tions. 

We estimated an upper limit for the rotational period 
based on the radius and the projected rotational velocity. 
We took into account different distance estimates for the 
Lupus star forming region, as well as cross checked the 
radius estimate with different methods. In any case the 
rotational period of RXJ1608. 6-3922 does not exceed a 
duration of 6.1 days, favoring 3.6 d as the true rotational 
period. 



The radius was estimated with two different methods: 
once from the luminosity and the effective temperature 
and once by means of Barnes-Evans-type relations pub- 
lished by B99. The results agree within the measurements 
uncertainties but the B99-radii are systematically smaller. 
Depending on the adopted distance the radius is 1.07 R© 
(1.50 R©, 2.O4R ) for d=100pc (140 pc, 190 pc) based on 
the L bol -T cff -cstimation and 0.64R Q (0.89 R , 1.21 R Q ), 
respectively, based on the B99-estimation. Since v sin i for 
the star is 22.4 km s -1 , a rotational period of 3.6 d allows 
the radius not to be smaller than 1.6 R Q . These consider- 
ations suggest a radius for RXJ1608. 6-3922 in the range 
of 1.6 to 2.5 R Q . It should be mentioned that this result 
is not compatible with a distance of 100 pc. 

The variations of the photometric brightness of 
RXJ1608. 6-3922 are interpreted as modulation due to ac- 
tive, spotted regions on the stellar surface. They proba- 
bly also account for the observed radial velocity scatter of 
2.4kms" 1 . 

Krautter et al. (1997) classify RXJ1608.6-3922 as a 
weak line T Tauri star on basis of an H a equivalent width 
of 7.4 A (spectrum obtained in the time span between 1991 
and 1993). Wichmann et al. (1999) measured an equiv- 
alent width of 14.2 A in 1995, based on high-resolution 
spectroscopy. These measurements suggest that the Ha 
emission of this star is variable and that it might well 
be a classical T Tauri star (cTTS). The accretion of cir- 
cumstellar material onto the surface of a star can cause 
dominant hot spots. Provided that RXJ1608. 6-3922 is a 
cTTS, the detected variability can be caused by such hot 
spots and regardless of the presence of circumstellar ma- 
terial the photometric variability can be caused by cool 
spots. 

The variable shape of the light curve indicates that the 
spotted regions change their properties (size, temperature 
and/or location) in time scales of a few years. 

Variable shapes of light curves are observed for many 
active stars, like RS CVn and BY Dra stars. For RS CVn 
stars it is known that their light curves change in shape, 
mean light level and amplitude on time scales of a year or 
even more rapid (e.g. V711Tau (Kang & Wilson 1989), 
cr Gem (Olah et al. 1989), DM UMa (Mohin & Raveendran 
1992), HK Lac (Olah et al. 1997)). This is interpreted as 
rotational modulation due to cool spots on the surface, 
which rapidly change their location, size and/or tempera- 
ture. 

Analysis of the evolution of spots for several pre-main- 
scquence stars by Grankin (1998) (and references therein) 
showed that the initial epochs and the rotational peri- 
ods are stable on time scales of several years, whereas 
the shape and amplitude of the light curves changes from 
year to year. The stability of the rotational periods are 
explained by stable positions of cool, spotted regions con- 
fined to a specific active longitudinal region. The varia- 
tions of the spot light curve in shape and amplitude can 
then be explained by the appearance, disappearance and 
migration of individual spots. This scenario is also sup- 
ported by the work of Schiissler & Solanki (1992), who 
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demonstrate that in rapidly rotating stars, the strong cu- 
riolis forces push the magnetic flux always towards the 
poles. Therefore the observations of cool spots remaining 
at the same position for several years on T Tauri stars can 
be explained by stable active regions in which new spots 
are produced continuously. 

For V410Tau photometric observations over the time 
span 1981 to 1997 (Vrba et al. 1988, Herbst 1989, Grankin 
1999) show that the photometric behaviour of this system 
is characterized by year-to-year variations of the shape 
and amplitude of the light curve. Modeling of the spot 
distribution based on photometry (Herbst 1989), as well 
as Doppler imaging of the surface structure (Hatzes 1995 
and references therein) indicate that there is a stable high- 
latitude spot area lasting for at least several years. 

Another example for a T Tauri star with indications for 
a long lasting stable spot distribution is PI 724 (Neuhauser 
et al. 1998 and references therein). A periodicity of 5.7d 
is present in photometric observations covering almost 30 
years and can even be traced in radial velocity measure- 
ments covering about 1.5 years. The relative phasing be- 
tween the photometric and the spectroscopic data is al- 
most stable over the entire time span of the spectroscopic 
observations, suggesting a basically non-varying spot dis- 
tribution. 

We conclude that RXJ1608.6-3922 is a spotted star 
with a rotational period of about 3.6 days and that spots 
have mimicked the light-curve of an eclipsing binary in 
the data which were previously obtained. There are in- 
dications that the stellar activity on RXJ1608. 6-3922 is 
highly variable, with an equivalent width of the H Q emis- 
sion changing from about 7 to about 14 A within a few 
years and a variable shape of the light curve, with ampli- 
tudes changing from about 0.5 to about 0.2 mag within 4 
years. Therefore RXJ1608. 6-3922 is an interesting object 
for further study of stellar activity on T Tauri stars. 
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Fig. 2. Instrumental V and B magnitudes (top and 
middle) and instrumental (B-V) colors (bottom) of 
RXJ1608. 6-3922 obtained at La Silla and Siding Springs. 
The brightness is increasing bottom-up. Both light curves 
show significant brightness variations. The amplitudes of 
the variations are higher at smaller wavelength (i.e. in the 
B band). At Siding Springs only V band measurements 
have been done, leading to larger gaps in the B band light 
curve due to day time observing breaks. The (B-V) values 
show small but significant color variations, indicating that 
the system is redder when darker. 



Fig. 3. Result of a search for periodicity in the V photom- 
etry using the string- length method (Dworctsky 1983). 
Plotted are string-length values calculated for different pe- 
riods in the interval from 1 to 6 days. Clearly visible is the 
minimum at 3.55 days. A second minimum is present at 
about 5.4 d but further analyses show that it is an alias. 
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Fig. 4. Phase folded V light curve of RXJ1608. 6-3922 for 
a period of 3.55 days. For clarity 20% more than one orbit 
has been plotted at the beginning as well as at the end of 
the light curve. 
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Fig. 5. Phase folded V light curves of RXJ1608. 6-3922. In 
the upper panel the light curve is folded with a period of 
7.2 days. This is the period claimed by W98. In the lower 
panel the light curve is folded with a period of 5.4 days. 
It clearly displays that the second, less significant period, 
found by means of the string-length method is an alias. 
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Fig. 6. Displayed are the photometric V band data taken 
by W98 phase folded with a period of 3.55 d (top) and 
7.2 d (bottom). 



